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$PRQJ &ROOHPEROD WKH QXPEHU RI H\HV YDULHV
UDQJLQJ IURP HLJKW H\HV RQ HDFK VLGH RI WKH KHDG
 DUUDQJHPHQW WR WKH DEVHQFH RI H\HV 
7KLV YDULDWLRQ LQ H\H QXPEHU LV FRPPRQ ZLWKLQ
IDPLOLHV RI &ROOHPEROD LQFOXGLQJ WKH ,VRWRPLGDH
%HOOLQJHU DQG &KULVWLDQVHQ  5HJDUGOHVV RI
QXPEHUV RI H\HV WKH PRUSKRORJ\ RI WKH H\HV RI
&ROOHPEROD DSSHDUV WR FRQWDLQ DOO WKH VDPH
FHOOXODU FRPSRQHQWV DV WKH &UXVWDFHD DQG WKH
,QVHFWD ,Q WKH VWXGLHV E\ 3DXOXV D D
DQG %DUUD  FROOHPERODQ H\HV KDYH EHHQ
GHVFULEHG DV EHLQJ RPPDWLGLXPOLNH FRQWDLQLQJ
FRUQHDJHQ FHOOV SULPDU\ SLJPHQW FHOOV FU\VWDOOLQH
FRQH IRXU 6HPSHU FHOOV DQG HLJKW UKDEGRPHUHV
7KHUH DSSHDU WR EH HLJKW UHWLQXOD FHOOV DV LV DOVR
WKH FDVH ZLWK LQVHFWV DQG &UXVWDFHD *XSWD 
&KDSPDQ
,Q FRQWUDVW &KULVWLDQ DQG 6FKDOOHU 
RULJLQDOO\ K\SRWKHVL]HG WKDW WKH FROOHPERODQ H\H
LV LQ UHDOLW\ SULPLWLYH LQ VWUXFWXUH DQG IXUWKHU
VXJJHVWHG WKDW WKH\ DUH VWUXFWXUDOO\ PRUH OLNH WKH
VLPSOH H\HV RU VWHPDWD RI KRORPHWDERORXV LQVHFW
ODUYDH 7KH\ GHVFULEHG WKH UHGXFWLRQ LQ WKH
QXPEHU RI H\HV LQ WKH FDYHGZHOOLQJ VSHFLHV
Bonetogastrura cavicola 7KHLU VWXG\ FRQFOXGHG
IURP H[WHUQDO XOWUDVWUXFWXUDO VWXGLHV WKDW WKH H\HV
RI WKLV SDUWLFXODU VSHFLHV ZHUH PRUH OLNH LQVHFW
RFHOOL GXH WR WKH UHGXFWLRQ LQ UHWLQXOD FHOOV
FRUQHD FU\VWDOOLQH FRQHV DQG IXVLRQ RI WKH H\H
VWUXFWXUHV ,Q WKH JHQXV Orchesella WKH SULPDU\
SLJPHQW FHOOV ODFN ERWK SLJPHQW JUDQXOHV DQG
F\WRSODVPLF VWUXFWXUHV VXFK DV PLWRFKRQGULD RU
HQGRSODVPLF UHWLFXOXP DQG WKHUHIRUH ZHUH
FRQVLGHUHGGHJHQHUDWH3DXOXVE
,I FROOHPERODQ H\HV DUH KRPRORJRXV WR WKH
VWHPPDWD RI LQVHFWV GR WKH\ GHWHFW DQG
GLVFULPLQDWH EHWZHHQ ERWK XOWUDYLROHW 89 DQG
ZKLWH OLJKW DV LQVHFW VWHPPDWD GR" 0DQ\ GLXUQDO
LQVHFWV XVH ZKLWH OLJKW WR GLUHFW WKHPVHOYHV WR IRRG
VRXUFHV ZKLOH RWKHUV VXFK DV DQWV DQG
FRFNURDFKHV WKDW QRUPDOO\ GZHOO LQ WKH GDUN
GHWHFW 89 OLJKW DQG XVH WKLV VHQVRU\ LQIRUPDWLRQ
WR RULHQW WKHPVHOYHV DZD\ IURP WKH VRXUFH
:LJJOHVZRUWK  6LQFH &ROOHPEROD DUH
XELTXLWRXV GHFRPSRVHUV LW ZRXOG EH DQ
LPSRUWDQW DVVHW IRU &ROOHPEROD DV VRLOGZHOOLQJ
KH[DSRGV WR GHWHFW ERWK 89 DQG ZKLWH OLJKW VR
WKDW WKH\ PLJKW EH DEOH WR RULHQW WKHPVHOYHV
JDLQLQJGLUHFWLRQDOUHIHUHQFH+lJYDU
,Q D VWXG\ E\ 6FKDOOHU  WKH UHVSRQVHV WR
GLIIHUHQW OLJKW FRQGLWLRQV ZHUH REVHUYHG DQG LW
ZDV QRWDWHG WKDW &ROOHPEROD PRYHG WRZDUG GDUN
YHUWLFDO REMHFWV LQ D ZKLWH DUHQD 7KH &ROOHPEROD
DSSHDUHG WR GHWHFW WKH PRYHPHQW RI FRQVSHFLILFV
HLWKHU E\ PRYLQJ WR D FRQJUHJDWLRQ RI WKHP RU
DYRLGLQJ DQRWKHU &ROOHPEROD LQ D RQHRQRQH
VLWXDWLRQ 6DOPRQ DQG 3RQJH  VKRZHG WKDW
WKH FROOHPERODQ Heteromurus nitidus, RULHQWV
LWVHOI XVLQJ ZKLWH OLJKW +lJYDU 
GHPRQVWUDWHG WKDW WKH FROOHPERODQ Hypogastura
socialis, DSSHDUV WR GHWHFW WKH DQJOH RI WKH VXQ
EHIRUH XVLQJ WKH IXUFXOD WR MXPS 7KH DXWKRU
VXJJHVWHG WKDW WKLV VSHFLHV KDV WKH DELOLW\ WR GHWHFW
WKH SRODUL]DWLRQ DQJOH RI OLJKW EHIRUH FURVVLQJ
RSHQ VSDFHV SHUKDSV XVLQJ OLJKW IRU GLUHFWLRQDO
FXHV
7KH SXUSRVH RI WKLV VWXG\ ZDV WR H[DPLQH WKH
SKRWRUHFHSWRU DELOLW\ RI WKH FROOHPERODQ H\H E\
LGHQWLI\LQJ WKH SKRWRWDFWLF UHVSRQVHV LQIOXHQFHG
E\ FHUWDLQ OLJKW DQG WHPSHUDWXUH FRQGLWLRQV 7KH
H\H XOWUDVWUXFWXUH RI WKUHH &ROOHPERODQ VSHFLHV
ZDV H[DPLQHG Proisotoma minuta, ZLWK HLJKW
SDLUV RI H\HV Folsomia similis, ZLWK RQH SDLU RI
H\HV DQG D SUHVXPHG QHJDWLYH FRQWURO Folsomia
candida LQ ZKLFK H\HV DUH DEVHQW ,I FROOHPERODQ
H\HV DUH VWUXFWXUDOO\ KRPRORJRXV ZLWK WKH LQVHFW
FRPSRXQG H\H WKHQ IXQFWLRQDOO\ WKH\ VKRXOG EH
DEOH WR GLVWLQJXLVK DPRQJ 89 ZKLWH OLJKW DQG
GDUNQHVV ,Q WKLV SDUW RI WKH VWXG\ WKH WKUHH
VSHFLHV ZHUH WKHQ WHVWHG IRU FKRLFHV DPRQJ 89
OLJKWZKLWHOLJKWDQGWKHDEVHQFHRIOLJKW
Materials and Methods
Collembola stocks
7KUHH VSHFLHV RI &ROOHPEROD F. candida F.
similis DQG P. minuta IURP WKH )DPLO\
,VRWRPLGDH ZHUH XVHG IRU WKLV VWXG\ P. minuta
ZHUH FROOHFWHG IURP ORRVH WRSVRLO LQ 7XMXQJD &$
86$ &XOWXUHV RI F. candida DQG F. similis ZHUH
REWDLQHG IURP 'U .HQ &KULVWLDQVHQ DQG 0U 7RP
6PLWK UHVSHFWLYHO\ &ROOHPEROD ZHUH FXOWXUHG LQ
SODVWLF VFUHZ WRS FRQWDLQHUV  PP [  PP
ZLWK D 3ODVWHU RI 3DULVFKDUFRDO VXEVWUDWH (DFK
FXOWXUH ZDV SURYLGHG ZHHNO\ ZLWK ± PO RI
GLVWLOOHG + DQG WKUHH JUDQXOHV RI DFWLYH \HDVW
5HG 6WDU SHU WHQ LQGLYLGXDOV &XOWXUHV ZHUH
NHSW LQ DQ LQFXEDWRU DW  & &XOWXUHV ZHUH
NHSWRQDGLPOLJKWGDUNSKRWRSHULRG
Scanning electron microscopy (SEM)
$ PHWKRG GHYLVHG E\ &R\OH7KRPSVRQ DQG
%DQHUMHH  IRU SUHSDULQJ Drosophila IRU
VFDQQLQJ HOHFWURQ PLFURVFRS\ 6(0 ZDV
PRGLILHG WR YLHZ WKH FROOHPERODQ H\HV 7KH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 16LGH$DQGWRS%YLHZVRIWKHEHKDYLRUDODVVD\VHWXS
&ROOHPEROD ZHUH SODFHG LQ D IUHH]HU DW í & IRU
 PLQ 7KH FROG WHPSHUDWXUH VWRSSHG WKHLU
PRYHPHQW DQG IUR]H WKHP ZLWK WKHLU KHDGV
H[WHQGHG LQ SURSHU RULHQWDWLRQ 7KH\ ZHUH WKHQ
IL[HG LQ  HWKDQRO IRU DW OHDVW VHYHQ GD\V 7KH
VSHFLPHQV ZHUH ODWHU WUDQVIHUUHG WR D 
3(06IRUPDOGHK\GH VROXWLRQ IRU  KRXUV
IROORZHG E\ GHK\GUDWLRQ LQ D VHULHV RI LQFUHDVLQJ
SHUFHQWDJHV RI HWKDQRO &ULWLFDO SRLQW GU\LQJ ZDV
DFFRPSOLVKHG E\ SODFLQJ VSHFLPHQV LQ
KH[DPHWK\GL]DOLVDQH IRU  PLQ $IWHU GHVLFFDWLRQ
WKH\ ZHUH PRXQWHG RQ DOXPLQXP 6(0 PRXQWV
VSXWWHUFRDWHG ZLWK JROG DQG VWRUHG EHIRUH XVH
7KH H[WHUQDO XOWUDVWUXFWXUH RI WKH FROOHPERODQ
KHDG ZDV REVHUYHG RQ D -2(/ 6FDQQLQJ (OHFWURQ
0LFURVFRSH PRGHO -60 7HQ LQGLYLGXDOV
RIHDFKVSHFLHVZHUHSURFHVVHGDQGLPDJHG
Behavioral assays - Set-up
&KRLFHWHVWLQJ FKDPEHUV ZHUH PDGH IURP FOHDU
SODVWLF  PP GLDPHWHU FLUFXODU 3HWUL GLVKHV
7KH FKDPEHU ERWWRPV ZHUH ILOOHG  FP GHSWK
ZLWK WKH VDPH SODVWHUFKDUFRDO PL[WXUH XVHG LQ
WKH FXOWXUH MDUV $ GXDO FKDQQHO WKHUPRFRXSOH
%DUQDQW PRGHO ± SUREH ZDV LQVHUWHG
WKURXJKDKROHLQWKHVLGHRIHDFKFKDPEHU
$  ZDWW ODPS  OX[ ZDV XVHG IRU D ZKLWH OLJKW
VRXUFH D PXOWLEDQG XOWUDYLROHW 89 PLQHUDO OLJKW
$03 PRGHO  89*/  QP ZDYHOHQJWK 
OX[ ZDV XVHG IRU WKH 89 VRXUFH DQG D  ZDWW
IOXRUHVFHQW ODPS  OX[ ZDV XVHG DV D FRRO OLJKW
VRXUFH 8VLQJ D PRGLILHG WHFKQLTXH GHVFULEHG E\
6DOPRQ DQG 3RQJH  WKH GDUN KDOI RI WKH
FKDPEHU ZDV SURGXFHG E\ FRYHULQJ WKH 3HWUL GLVK
OLG ZLWK D  FP WKLFN KDOI PRRQ VKDSHG SLHFH
RI EODFN DFU\OLF WKDW EORFNHG DOO OLJKW %HIRUH
EHJLQQLQJ DQ\ 89 OLJKW DVVD\V VWULSV RI SDSHU
LPSUHJQDWHG ZLWK HWKLGLXP EURPLGH (W%U ZHUH
SODFHG XQGHU WKH EODFNHQHG KDOI RI WKH 3HWUL GLVK
WR GHWHFW XOWUDYLROHW UD\V $Q DVVD\ ZDV QRW
FRQGXFWHG LI WKH (W%U VWULSV GHWHFWHG XOWUDYLROHW
OLJKW 3ULRU WR DOO ZKLWH OLJKW DVVD\V VWULSV RI
.RGDEURPH ,, 5& ) *ORVV\ FRDWHG SKRWRVHQVLWLYH
SDSHU ZHUH SODFHG XQGHU WKH EODFNHQHG KDOI RI WKH
3HWUL GLVK WR GHWHFW ZKLWH OLJKW $JDLQ QR DVVD\
ZDV FRQGXFWHG LI WKH SKRWRVHQVLWLYH SDSHU
GHWHFWHG ZKLWH OLJKW XQGHU WKH GDUN KDOI RI WKH
3HWUL GLVK $OO EHKDYLRUDO DVVD\V ZHUH SHUIRUPHG
DW QLJKW LQ D GDUNHQHG URRP DW URRP WHPSHUDWXUH
   & )LJXUH  LOOXVWUDWHV WKH VHWXS XVHG IRU
DOOEHKDYLRUDODVVD\V
Behavioral assays - Experiments
7R GHWHUPLQH UHVSRQVHV WR GLIIHUHQW W\SHV RI OLJKW
&ROOHPEROD ZHUH WHVWHG IRU D FKRLFH EHWZHHQ 
89 OLJKW DQG ZKLWH OLJKW  89 OLJKW DQG GDUN 
ZKLWH OLJKW DQG GDUN 3ULRU WR WKH VWDUW RI HDFK
H[SHULPHQW VHSDUDWH JURXSV RI &ROOHPEROD ZHUH
VHOHFWHG DW UDQGRP IURP HDFK FRORQ\ DQG SODFHG
LQ LQGLYLGXDO WHVWLQJ FKDPEHUV )RU HDFK FKRLFH
VLWXDWLRQ WKUHH GLIIHUHQW SRSXODWLRQV RI HDFK
VSHFLHV ZHUH UHPRYHG IURP WKHLU FXOWXUH GLVKHV
DQG ZHUH DVVD\HG IRU WKHLU SKRWRWURSLF UHVSRQVHV
(DFK SRSXODWLRQ JURXS ZDV WHVWHG ± WLPHV
EHIRUH WKH\ ZHUH UHPRYHG IURP WKH WHVWLQJ
FKDPEHU 7KH WHVWLQJ FKDPEHU ERWWRPV ZHUH
DOZD\V URWDWHG DIWHU HDFK WULDO VR WKDW WKH RWKHU
GLVK KDOI ZRXOG EH H[SRVHG WR WKH DOWHUQDWH OLJKW
FRQGLWLRQ HOLPLQDWLQJ DQ\ SRVVLEOH SUHIHUHQFHV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH IRU D SDUWLFXODU VLGH RI WKH GLVK 7KH WULDOV RI HDFK
RI WKH SDUWLFXODU EHKDYLRUDO DVVD\V ODVWHG IRU 
PLQ (DFK SRSXODWLRQ JURXS ZDV UHVWHG EHWZHHQ
WULDOV LQ WKH GDUN URRP IRU DW OHDVW ILYH PLQXWHV
EHIRUH UHWHVWHG $W WKH HQG RI HDFK DVVD\ DOO
H[SHULPHQWDO FROOHPERODQV ZHUH UHPRYHG IURP
WKH GLVK DQG GLVFDUGHG EHIRUH DQRWKHU JURXS ZDV
VHOHFWHG
F. candida Q   ± SHU WULDO F. similis Q  
± SHU WULDO DQG P. minuta Q   ± SHU
WULDO ZHUH XVHG IRU D FKRLFH EHWZHHQ 89 OLJKW DQG
ZKLWH OLJKW UHSOLFDWHG ± WLPHV ,Q DQRWKHU
WKUHH VHWV RI WULDOV GLIIHUHQW SRSXODWLRQV RI F.
candida Q   ± SHU WULDO F. similis Q  
± SHU WULDO DQG P. minuta Q   ± SHU
WULDO ZHUH UHSOLFDWHG ± WLPHV IRU D FKRLFH
EHWZHHQ 89 OLJKW DQG GDUN 7R WHVW IRU D FKRLFH
EHWZHHQ ZKLWH OLJKW DQG GDUN ± GLIIHUHQW WULDOV
ZHUH SHUIRUPHG ZLWK WKUHH GLIIHUHQW SRSXODWLRQV
RI F. candida Q   ± SHU WULDO, F. similis Q  
± SHU WULDO DQG P. minuta Q   ± SHU
WULDO $IWHU HDFK WULDO WKH QXPEHU RI &ROOHPEROD
RQ HDFK VLGH RI WKH 3HWUL GLVK ZDV FRXQWHG WR
GHWHUPLQH KRZ PDQ\ KDG FKRVHQ 89 OLJKW RU
ZKLWH OLJKW 89 OLJKW RU GDUN DQG ZKLWH OLJKW RU
GDUN 7KH DYHUDJH QXPEHU DQG SHUFHQWDJH RI ±
WULDOVZHUHUHFRUGHGDVWKHSRSXODWLRQYDOXH
Behavioral assays - Temperature effects
$ VOLJKW WHPSHUDWXUH GLIIHUHQFH ZDV GHWHFWHG
EHWZHHQ WKH 89 OLJKW ZKLWH OLJKW DQG GDUN FKRLFH
DVVD\V 3ULRU WR WKH VWDUW RI WKLV VHW RI
H[SHULPHQWV WKH WHPSHUDWXUH LQ HDFK FKDPEHU
ZDV PHDVXUHG 89 FKDPEHU WHPSHUDWXUH  
 & ZKLWH OLJKW FKDPEHU WHPSHUDWXUH  
 & GDUN FKDPEHU WHPSHUDWXUH    &
7R H[DPLQH WHPSHUDWXUH DV D SRVVLEOH IDFWRU
LQIOXHQFLQJ WKH PRYHPHQW RI &ROOHPEROD GXULQJ
WKH OLJKW DVVD\V WHQ WULDOV ZLWK WKUHH VHSDUDWH
SRSXODWLRQV RI HDFK VSHFLHV ZHUH SHUIRUPHG WR
GHWHUPLQH LI &ROOHPEROD PDGH D FKRLFH EHWZHHQ
ZDUPHU WHPSHUDWXUHV    & RU FRROHU
WHPSHUDWXUHV    & 7KH QXPEHU RI
&ROOHPEROD XVHG IURP HDFK VSHFLHV ZDV DV IROORZV
F. candida Q   ± SHU WULDO F. similis Q  
± SHU WULDO DQG P. minuta Q   ± SHU
WULDO 7KH\ ZHUH WHVWHG DJDLQ LQ  PLQ LQWHUYDOV
LQHDFKWULDO
)RU WKH ZDUP VLGH RI WKH FKRLFHWHVWLQJ FKDPEHU
D SLHFH RI  FP WKLFN KDOIPRRQ VKDSHG SLHFH
RI EODFN DFU\OLF ZUDSSHG ZLWK EODFN WDSH FRYHUHG
KDOI RI WKH  PP GLDPHWHU FLUFXODU 3HWUL GLVK $
 ZDWW ODPS ZDV LOOXPLQDWHG DERYH WKH
EODFNHGRXW VLGH RI WKH FKRLFHWHVWLQJ FKDPEHU
DQG XVHG DV D KHDW VRXUFH 7R VHH LI OLJKW ZDV
EORFNHG DQG RQO\ KHDW ZDV UDGLDWHG VWULSV RI
SKRWRVHQVLWLYH SDSHU ZHUH DJDLQ SODFHG LQVLGH WKH
FKDPEHU )RU WKH FRRO VLGH RI WKH FKRLFHWHVWLQJ
FKDPEHU D SLHFH RI VW\URIRDP ZDV XVHG WR FRYHU
KDOI WKH OLG RI WKH 3HWUL GLVK 7KH VW\URIRDP OD\HU
RQ WKH FRRO VLGH RI WKH FKRLFHWHVWLQJ FKDPEHU ZDV
WKHQ FRYHUHG ZLWK DOXPLQXP IRLO $  FP WKLFN
[  FP KLJK [  FP ZLGH SLHFH RI EODFN DFU\OLF
ZDV XVHG DV D SDUWLWLRQ WKDW UHVWHG DWRS WKH 3HWUL
GLVK FRYHU WR KHOS EORFN KHDW IURP UHDFKLQJ WKH
FRRO VLGH $ GXDO FKDQQHO WKHUPRFRXSOH ZLWK -
W\SH OHDGV %DUQDQW  PRGHO ± ZDV
XVHG WR FRQILUP WKH WHPSHUDWXUH GLIIHUHQFHV RQ
HDFK VLGH RI WKH 3HWUL GLVK 7KH ERWWRP RI WKH 3HWUL
GLVK FKRLFHWHVWLQJ FKDPEHU ZDV DJDLQ URWDWHG
DIWHU HDFK WULDO WR DOWHUQDWH WKH VLGHV RI WKH GLVK
EHLQJ H[SRVHG WR HLWKHU ZDUPHU WHPSHUDWXUHV RU
FRROHUWHPSHUDWXUHV
Cool light versus cool dark
7R WHVW WKH SRVVLELOLW\ WKDW WKH &ROOHPEROD ZHUH
PRYLQJ DZD\ IURP WKH KHDW HPDQDWLQJ IURP D
OLJKW VRXUFH F. candida Q   ± SHU WULDO F.
similis Q   ± SHU WULDO DQG P. minuta Q  
± SHU WULDO ZHUH WHVWHG IRU D FKRLFH EHWZHHQ D
³FRRO OLJKW´ DQG ³FRRO GDUN´ VRXUFH 7KH EHKDYLRUDO
DVVD\V IRU WKH ³FRRO OLJKW´ YHUVXV ³FRRO GDUN´ ZHUH
SHUIRUPHG DW QLJKW LQ D GDUNHQHG URRP $
KDQGKHOG  ZDWW  OX[ IOXRUHVFHQW OLJKW ZDV LQ
XVHG DV D FRRO OLJKW VRXUFH 1R OLJKW VRXUFH ZDV
XVHGIRUWKHFRROGDUNVLGH
$  FP WKLFN [ FP KLJK [  FP ZLGH SLHFH RI
EODFN DFU\OLF SDUWLWLRQ VHSDUDWHG WKH FRRO OLJKW VLGH
IURP WKH GDUN VLGH RI WKH 3HWUL GLVK 7KH GXDO
FKDQQHO WKHUPRFRXSOH ZLWK -W\SH OHDGV ZDV XVHG
WR GHWHUPLQH WKDW WKH WHPSHUDWXUH RI HDFK VLGH RI
WKH GLVK ZDV VLPLODU WR URRP WHPSHUDWXUH  
 & ,Q WKLV DVVD\ WKUHH SRSXODWLRQV RI HDFK
VSHFLHV ZHUH FKRLFHWHVWHG LQ ± VHSDUDWH WULDOV
(DFK WULDO ODVWHG  PLQ DQG WKH GLVK ZDV RQFH
DJDLQ URWDWHG EHIRUH HDFK WULDO VR WKDW WKH FRRO
OLJKW DQG FRRO GDUN VLGHV RI WKH FKRLFHWHVWLQJ
FKDPEHUZRXOGEHGLIIHUHQWIRUHDFKWULDO
Statistics
$ǒ  WHVW ZDV XVHG WR DQDO\]H WKH UHVXOWV RI HDFK RI
WKH EHKDYLRUDO DVVD\ WULDOV RI HDFK VSHFLHV RI
&ROOHPEROD XVHG LQ WKH WULDOV 7KH GDWD ZHUH
WHVWHG DJDLQVW DQ DVVXPHG  GLVWULEXWLRQ
)LUVW KHWHURJHQHLW\ ǒ DQDO\VLV ZDV SHUIRUPHG WR
VHH LI WKH SRSXODWLRQ GDWD ± UHSOLFDWHV SHU
SRSXODWLRQ JURXS FRXOG EH SRROHG DV DQ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 2$6FDQQLQJHOHFWURQPLFURVFRSHSKRWRJUDSKVRI Proisotoma minuta7KHKHDGLVVKRZQLVRQWKHOHIWDW
;PDJQLILFDWLRQ7KHQRWFKHGDUURZLQGLFDWHVWKHH\HSDWFKDQGWKHFKHYURQLQGLFDWHVWKHSRVWDQWHQQDORUJDQ
3$2$KLJKPDJQLILFDWLRQRIWKHKHDGLVVKRZQRQWKHULJKWDW;PDJQLILFDWLRQ7KHQRWFKHGDUURZV
LQGLFDWHWKHH\HVDQGWKHFKHYURQQRWDWHVWKH3$2%6FDQQLQJHOHFWURQPLFURVFRSHSKRWRJUDSKVRI Folsomia
similis. 7KHKHDGLVVKRZQRQWKHOHIWDW;PDJQLILFDWLRQ7KHQRWFKHGDUURZSRLQWVWRWKHH\HDQGWKHFKHYURQ
QRWDWHVWKH3$2$KLJKPDJQLILFDWLRQRIWKHKHDGLVVKRZQRQWKHULJKWDW;PDJQLILFDWLRQ7KHQRWFKHG
DUURZSRLQWVWRWKHH\HDQGWKHFKHYURQLQGLFDWHVWKH3$2&6FDQQLQJHOHFWURQPLFURVFRSHSKRWRJUDSKVRI
Folsomia candida7KHKHDGLVVKRZQRQWKHOHIWDW;PDJQLILFDWLRQZLWKWKHQRWFKHGDUURZLQGLFDWLQJWKH
3$2+LJKPDJQLILFDWLRQRIWKHKHDGLVVKRZQRQWKHULJKWDW;PDJQLILFDWLRQLOOXVWUDWLQJWKHODFNRIH[WHUQDO
H\HVWUXFWXUHV)RUDOOSKRWRPLFURJUDSKVDQWHULRULVWRWKHULJKWDQGGRUVDOLVWRZDUGVWKHWRSRIWKHSDJH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH LQGLYLGXDO UHVXOW DPRQJ WKH SRSXODWLRQ WULDOV RI
HDFK VSHFLHV ,I WKH GDWD ZHUH SRROHG WKHQ D ǒ
DQDO\VLV ZDV SHUIRUPHG RQ WKH SRROHG JURXS GDWD
LQYROYLQJ WKH WKUHH VHSDUDWH SRSXODWLRQV 7KH
UHVXOWVZHUHGHHPHGVLJQLILFDQWDWS
Results
Scanning electron microscopy
6FDQQLQJ HOHFWURQ PLFURVFRSH 6(0 SKRWRJUDSKV
RI P. minuta D VSHFLHV ZLWK HLJKW SDLUV RI H\HV DUH
VKRZQ LQ )LJXUH $ 7KH ORFDWLRQ DQG WKH SDWWHUQ
RI DUUDQJHPHQW RI WKH H\HV DUH UHDGLO\ VHHQ LQ WKLV
VSHFLHV 7KH HQWLUH KHDG VKRZLQJ WKH VWUXFWXUH RI
WKH H\HV DQG WKH JURXS RI HLJKW H\HV ZDV REVHUYHG
DQG LV ORFDWHG MXVW SRVWHULRU WR WKH SRVWDQWHQQDO
RUJDQ )LJXUH $ ,Q WKLV VSHFLHV DOO HLJKW H\HV
ZHUH ODUJH FRQYH[ DQG FLUFXODUO\ DUUDQJHG GRUVDO
WRODWHUDO
7KH VWUXFWXUH DQG WKH ORFDWLRQ RI WKH H\HV RI F.
similis WKH VSHFLHV ZLWK RQH SDLU RI H\HV LV VKRZQ
LQ )LJXUH % 7KH H\HV LQ DOO WKH H[DPLQHG
VSHFLPHQV RI F. similis DUH ORFDWHG MXVW SRVWHULRU
WR WKH SRVWDQWHQQDO RUJDQ 8SRQ FORVHU
H[DPLQDWLRQ WKH H\H IDFHW LV VLPLODU LQ VL]H DQG
VWUXFWXUHWRWKRVHVHHQLQ P. minuta
7KH IDFHWV LQ ERWK P. minuta DQG F. similis DSSHDU
WR KDYH D FRQYH[ FLUFXODU OHQV ZLWK DQ H[WHUQDO
KH[DJRQDO FXWLFOH OD\HU YHU\ VLPLODU LQ
PRUSKRORJ\ WR WKH KH[DJRQDO SDWWHUQ RI WKH
FROOHPERODQ H[RVNHOHWRQ 7KLV FRUUHODWHV ZLWK
PRUSKRORJLFDO ILQGLQJV DQG GHVFULSWLRQV E\
%HOOLQJHUDQG&KULVWLDQVHQ
6(0 SKRWRJUDSKV RI F. candida DQ H\HOHVV
VSHFLHV FDQ EH VHHQ LQ )LJXUH & ZKLFK LOOXVWUDWHV
WKH H[WHUQDO IHDWXUHV RI WKH ERG\ RI F. candida
7KH ODFN RI DQ H[WHUQDO H\H IDFHW LV UHDGLO\
DSSDUHQW :H IRXQG QR H[WHUQDO H\H VWUXFWXUHV RQ
DOO WHQ F. candida VSHFLPHQV H[DPLQHG
FRQILUPLQJWKH³H\HOHVV´VWDWXVRIWKLVVSHFLHV
Ultraviolet (UV) light vs. white light
7KUHH GLIIHUHQW VHWV RI XOWUDYLROHW 89 OLJKW
YHUVXV ZKLWH OLJKW WULDOV ZHUH SHUIRUPHG IRU HDFK
VSHFLHV F. candida Q   ± SHU WULDO F.
similis Q   ± SHU WULDO DQG P. minuta Q  
± SHU WULDO &ROOHPEROD ZHUH SODFHG LQ WKH
PLGGOH RI WKH 3HWUL GLVK DW WKH EHJLQQLQJ RI HDFK
WULDO DQG DW WKH HQG RI HDFK  PLQ WULDO LW ZDV
REVHUYHG WKDW D VLJQLILFDQW SURSRUWLRQ ZHUH RQ WKH
ZKLWH OLJKW VLGH RI WKH FKRLFHWHVWLQJ FKDPEHU
7KH UHVXOWV VKRZQ LQ )LJXUH $ FRQILUP WKLV
REVHUYDWLRQDSSUR[LPDWHO\  RI WKH F.
candida >+HWHURJHQHLW\ ǒ    S!DOO
SRSXODWLRQV EHKDYHG VLPLODUO\ SRROHG ǒ   
S  @  RI WKH F. similis >+HWHURJHQHLW\
ǒ    S!DOO SRSXODWLRQV EHKDYHG
VLPLODUO\ SRROHG ǒ    S@ DQG  RI
P. minuta >+HWHURJHQHLW\ ǒ    S!DOO
SRSXODWLRQV EHKDYHG VLPLODUO\ SRROHG ǒ   
S@ DQG ZHUH IRXQG LQ WKH ZKLWH OLJKW VLGH RI
WKH FKRLFHWHVWLQJ FKDPEHU WKXV DYRLGLQJ WKH 89
OLJKW
Ultraviolet (UV) light versus dark
F. candida Q   ± SHU WULDO F. similis Q 
± SHU WULDO DQG P. minuta Q   ± SHU
WULDO ZHUH DVVD\HG IRU D FKRLFH EHWZHHQ 89 OLJKW
DQG GDUNQHVV LQ WKUHH GLIIHUHQW VHWV RI WULDOV $W
WKH HQG RI WKH  PLQ WULDOV LW ZDV REVHUYHG WKDW
WKH\ SUHIHUUHG WKH GDUN VLGH RI WKH FKRLFHWHVWLQJ
FKDPEHU )LJXUH % VKRZV WKDW IRU DOO WKUHH VHWV RI
WULDOV D VLJQLILFDQW SHUFHQWDJH SUHIHUUHG WKH GDUN
VLGH RI WKH WHVW FKDPEHU  RI F. candida
SUHIHUUHG WKH GDUN >+HWHURJHQHLW\ ǒ   
S!DOO SRSXODWLRQV EHKDYHG VLPLODUO\ SRROHG
ǒ    S@  RI F. similis SUHIHUUHG
WKH GDUN >+HWHURJHQHLW\ ǒ    S!DOO
SRSXODWLRQV EHKDYHG VLPLODUO\ SRROHG ǒ   
S@  RI P. minuta SUHIHUUHG WKH GDUN
>+HWHURJHQHLW\ ǒ    S!DOO 
SRSXODWLRQV EHKDYHG VLPLODUO\ SRROHG ǒ   
S@ 7KHUH ZHUH QR VLJQLILFDQW GLIIHUHQFHV LQ
WKH EHKDYLRU RI &ROOHPEROD DPRQJ WKH GLIIHUHQW
WULDOV IRU HDFK VSHFLHV EXW WKHUH ZDV D VLJQLILFDQW
SHUFHQWDJH RI DOO VSHFLHV WKDW PRYHG WR WKH GDUN
DQGDZD\IURP89OLJKW
White light versus dark
7KUHH GLIIHUHQW VHWV RI WULDOV ZHUH SHUIRUPHG ZLWK
WKUHH GLIIHUHQW SRSXODWLRQV RI F. candida Q  
± SHU WULDO F. similis Q   ± SHU WULDO
DQG P. minuta Q   ± SHU WULDO WR GHWHUPLQH
D SUHIHUHQFH EHWZHHQ ZKLWH OLJKW DQG GDUNQHVV $W
WKH HQG RI  PLQ WULDOV LW ZDV DSSDUHQW WKDW WKH\
SUHIHUUHG WKH GDUN VLGH RI WKH GLVK )LJXUH &
LOOXVWUDWHV WKDW IRU DOO WKUHH VHWV RI WULDOV D
VLJQLILFDQW SHUFHQWDJH SUHIHUUHG WKH GDUN  RI
F. candida PRYHG WR WKH GDUN >+HWHURJHQHLW\ ǒ
   S!DOO SRSXODWLRQV EHKDYHG VLPLODUO\
SRROHG ǒ    S@  RI F. similis
PRYHG WR WKH GDUN >+HWHURJHQHLW\ ǒ   
S!DOO SRSXODWLRQV EHKDYHG VLPLODUO\ SRROHG
ǒ    S@  RI P. minuta PRYHG WR
WKH GDUN >+HWHURJHQHLW\ ǒ    S!DOO
SRSXODWLRQV EHKDYHG VLPLODUO\ SRROHG ǒ   
S@ 7KH UHVXOWV VKRZHG QR VLJQLILFDQW
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 3*UDSK$UHSUHVHQWVWKHDYHUDJHSHUFHQWDJHRIHDFKVSHFLHVWKDWSUHIHUUHGHLWKHUZKLWHRU89OLJKW
*UDSK%LOOXVWUDWHVWKHDYHUDJHSHUFHQWDJHRIHDFKVSHFLHVWKDWSUHIHUUHG89OLJKWRUGDUNDQG*UDSK&
GHPRQVWUDWHVWKHSHUFHQWDJHRIHDFKVSHFLHVWKDWSUHIHUUHGZKLWHOLJKWRUGDUN7KHQXPEHUWHVWHGZDVQ ±
LQWKUHHGLIIHUHQWWULDOV>S@
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH GLIIHUHQFHV LQ EHKDYLRU RI &ROOHPEROD DPRQJ
JURXS WULDOV \HW D VLJQLILFDQW SHUFHQWDJH PRYHG WR
WKHGDUNDQGDZD\IURPZKLWHOLJKW
Temperature choice - Test results
$V D WHPSHUDWXUH GLIIHUHQFH ZDV GHWHFWHG EHWZHHQ
HDFK VLGH RI WKH FKRLFHWHVWLQJ GLVK GXULQJ WKH 89
DQG ZKLWH OLJKW FKRLFHWHVWV WKH WKUHH VSHFLHV ZHUH
WHVWHG WR GHWHUPLQH WKH\ ZRXOG PDNH D FKRLFH
EHWZHHQ GLIIHUHQW WHPSHUDWXUHV )LJXUH 
LOOXVWUDWHV WKH PHDQ SHUFHQWDJH RI FROOHPERODQ
VSHFLHV WKDW SUHIHUUHG FRROHU RU ZDUPHU
WHPSHUDWXUHV RI WKH FKRLFHWHVWLQJ FKDPEHU ,W
FDQ EH VHHQ LQ )LJXUH  WKDW D VWDWLVWLFDOO\ JUHDWHU
SHUFHQWDJH RI &ROOHPEROD > IRU F. candidaǒ 
   S   IRU F. similis ǒ   
 S  DQG  IRU P. minuta ǒ   
 S@ FKRVH WKH FRROHU WHPSHUDWXUHV
RYHU WKH ZDUPHU WHPSHUDWXUH 7KXV D
WHPSHUDWXUH GLIIHUHQFH RI DSSUR[LPDWHO\  & ZDV
VXIILFLHQW WR FDXVH D VLJQLILFDQW DOWHUDWLRQ LQ
SUHIHUHQWLDOEHKDYLRURIDOOVSHFLHVWHVWHG
Cool light versus cool dark choice - Test results
$ TXHVWLRQ DURVH DV WR ZKHWKHU WKH &ROOHPEROD
ZHUH PHUHO\ PRYLQJ DZD\ IURP ZKLWH OLJKW
EHFDXVH WKH OLJKW VRXUFH XVHG LQ WKH FKRLFHWHVWV
SURGXFHG KHDW VHH SUHYLRXV UHVXOWV IURP 89 OLJKW
YHUVXV ZKLWH OLJKW 7R WHVW WKH K\SRWKHVLV WKDW
WKH\ ZLOO DYRLG ZKLWH OLJKW UHJDUGOHVV RI
WHPSHUDWXUH WKH YDULDEOH RI WHPSHUDWXUH
GLIIHUHQFHV ZDV HOLPLQDWHG &ROOHPEROD ZHUH
WHVWHG IRU D FKRLFH EHWZHHQ OLJKW DQG GDUNQHVV
ERWK ZLWK D PHDQ WHPSHUDWXUH RI    &
7KUHH GLIIHUHQW SRSXODWLRQV RI HDFK VSHFLHV ZHUH
FKRLFHWHVWHG LQ WKUHH VHSDUDWH WULDOV 7KH UHVXOWV
VKRZQ LQ )LJXUH  LOOXVWUDWH WKDW  RI F.
candida Q   ± SHU WULDO PRYHG WR WKH GDUN
VLGH >+HWHURJHQHLW\ ǒ    S!DOO
SRSXODWLRQV EHKDYHG VLPLODUO\ SRROHG ǒ   
S@  RI F. similis Q   ± SHU WULDO
PRYHG WR WKH GDUN VLGH >+HWHURJHQHLW\ ǒ   
S!DOO SRSXODWLRQV EHKDYHG VLPLODUO\ SRROHG
ǒ    S@ DQG  RI P. minuta Q  
± SHU WULDO PRYHG WR WKH GDUN VLGH
>+HWHURJHQHLW\ ǒ    S!DOO SRSXODWLRQV
EHKDYHG VLPLODUO\ SRROHG ǒ    S@
7KH UHVXOWV GHPRQVWUDWHG WKDW D VLJQLILFDQW
SURSRUWLRQ IURP HDFK VSHFLHV DQG LQ HDFK WULDO
PRYHG WR WKH GDUN VLGH RI WKH FKRLFHWHVWLQJ
FKDPEHU ZKHQ JLYHQ OLJKW DV DQ DOWHUQDWLYH FKRLFH
DQGERWKVLGHVKDGWKHVDPHWHPSHUDWXUH
Discussion
7KHUH KDYH EHHQ IHZ PRUSKRORJLFDO DQG
IXQFWLRQDO VWXGLHV RI FROOHPERODQ H\H SK\VLRORJ\
:KLOH D SUHYLRXV SKRWRWDFWLF VWXG\ E\ 6DOPRQ DQG
3RQJH  GHPRQVWUDWHG WKDW &ROOHPEROD
FRXOG GLVWLQJXLVK DPRQJ ZKLWH OLJKW EOXH OLJKW
DQG GDUN LW ZDV QRW FOHDU ZKHWKHU WKH\ ZHUH DEOH
WR GHWHFW 89 OLJKW 6LQFH PDQ\ RWKHU LQVHFWV KDYH
EHHQ WHVWHG LQ UHVSRQVH WR 89 OLJKW DQG WKHUH LV
VXJJHVWHG KRPRORJ\ EHWZHHQ WKH LQVHFW H\H DQG
FROOHPERODQ H\H ZH K\SRWKHVL]HG WKHUH PLJKW EH
DKRPRORJ\LQIXQFWLRQ
7KH RULJLQDO K\SRWKHVLV RI WKLV VWXG\ ZDV WKDW
WKRVH VSHFLHV ZLWK H\HV F. similis  SDLU RI H\HV
DQG P. minuta  SDLU RI H\HV ZRXOG GHWHFW 89
OLJKW DQG UHVSRQG WR LW JLYHQ DOWHUQDWLYH FKRLFHV RI
HLWKHU ZKLWH OLJKW RU GDUNQHVV :H IXUWKHU
K\SRWKHVL]HG WKDW WKH H\HOHVV VSHFLHV F. candida
ZRXOG QRW EH DEOH WR PDNH D GLVWLQFW FKRLFH DPRQJ
89ZKLWHOLJKWRUGDUN
2XU DVVD\ WHVWHG WKH 89GHWHFWLRQ FDSDELOLWLHV RI
WKUHH VSHFLHV RI &ROOHPEROD E\ H[SRVLQJ WKHP WR
GLIIHUHQW OLJKW FRQGLWLRQV DQG REVHUYLQJ WKHLU
SKRWRWDFWLF UHVSRQVHV 7KH UHVXOWV GHPRQVWUDWHG
WKDW &ROOHPEROD FKRVH ZKLWH OLJKW ZKHQ JLYHQ
XOWUDYLROHW OLJKW DV DQ DOWHUQDWLYH FKRLFH DQG
FKRVH GDUNQHVV ZKHQ JLYHQ XOWUDYLROHW RU ZKLWH
OLJKW DV FKRLFHV 7KH UHVXOWV DOVR LQGLFDWH WKDW
ZKHQ H[SRVHG WR 89 OLJKW WKH\ SUHIHUUHG WR DYRLG
LW DQG ZLOO PRYH WRZDUG OHVV RSWLPDO ZDUP
WHPSHUDWXUHVWRDYRLGWKLVYLVXDOFRQGLWLRQ
7KHVH EHKDYLRUDO UHVXOWV FRQILUP WKDW &ROOHPEROD
OLNH PDQ\ LQVHFWV KDYH WKH FDSDELOLW\ WR GHWHFW 89
OLJKW 6LQFH PRVW LQVHFWV KDYH PXOWLSOH IRUPV RI
UKRGRSVLQ %ULVFRH DQG &KLWWND  ZH DVVXPH
WKDW &ROOHPEROD PXVW KDYH KRPRORJRXV VWUXFWXUHV
DQG VLJQDO WUDQVGXFWLRQ PHFKDQLVPV WR GHWHFW D
VLPLODU UDQJH RI OLJKW 6DOFHGR HW DO  7KHUH
DUH DSSUR[LPDWHO\ IRXU W\SHV RI UKRGRSVLQ WKDW
KDYH HYROYHG LQ LQVHFWV 89 EOXH EOXHJUHHQ DQG
ORQJZDYH OHQJWK %ULVFRH  2QH ZRXOG
H[SHFW WKDW FROOHPERODQ SKRWRUHFHSWRUV ZRXOG
FRQWDLQ DW OHDVW WZR IRUPV RI UKRGRSVLQ 89 DQG
RQH RU PRUH UKRGRSVLQV WR GHWHFW ZKLWH OLJKW
ZKLFK KDV D ZLGH UDQJH RI ZDYHOHQJWKV -XGJLQJ
E\ WKH UHVXOWV RI 6DOPRQ DQG 3RQJH  LW LV
SRVVLEOH WKDW WKH EOXH IRUP RI UKRGRSVLQ ZRXOG
SOD\ D VWUDWHJLF UROH LQ &ROOHPEROD YLVLRQ ,W ZRXOG
EH LQWHUHVWLQJ WR H[DPLQH WKH PROHFXOH VWUXFWXUH
RI WKHVH UKRGRSVLQ SURWHLQV WR VWXG\ WKH
UHODWLRQVKLSV EHWZHHQ KH[DSRG DQG FUXVWDFHDQ
FODGHV
7KH K\SRWKHVLV WKDW &ROOHPEROD FKRRVH FRRO GDUN
SODFHV ZDV VXSSRUWHG IURP RXU UHVXOWV 7KLV LV QRW
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH D VXUSULVLQJ VLQFH &ROOHPEROD DUH GLXUQDO VRLO
GZHOOLQJ DUWKURSRGV XVXDOO\ IRXQG LQ WKH VRLO
FDYHV ODYD WXEHV OHDI OLWWHU DQG XQGHU URFNV
&KDSPDQ  ,W LV UHDVRQDEOH WR K\SRWKHVL]H
WKDW VXFK RUJDQLVPV ZRXOG XWLOL]H VRPH
SKRWRWDFWLF PHFKDQLVP WR GHWHFW 89 DQG ZKLWH
OLJKW IRU RULHQWDWLRQ ,W LV DOVR OLNHO\ WKDW WKH\ XVH
OLJKW 89 RU ZKLWH DQG GDUN DV SDUW RI D FLUFDGLDQ
FORFN WR KHOS GHWHUPLQH ZKHQ WR IHHG UHSURGXFH
RUPLJUDWH
$QRWKHU SRVVLEOH H[SODQDWLRQ IRU WKH REVHUYHG
EHKDYLRU LV WKDW &ROOHPEROD XVH DJJUHJDWLRQ
SKHURPRQHV :KLOH VRPH VSHFLHV RI &ROOHPEROD
KDYH EHHQ UHSRUWHG WR SURGXFH WKHVH RGRUV
9HUKRHI HW DO  &KULVWLDQVHQ HW DO 
0DQLFD HW DO  ZH EHOLHYH WKDW RXU UHVXOWV
ZHUH DFKLHYHG LUUHVSHFWLYH RI DQ\ SKHURPRQH
UHOHDVH )LUVW RWKHU UHVHDUFKHUV +HXSHO 
'URPSK  ZKR VWXGLHG DYRLGDQFH EHKDYLRU
LQ &ROOHPEROD VKRZHG WKDW DJJUHJDWLRQ
SKHURPRQHV GLG QRW SOD\ D PDMRU UROH LQ WKHLU
VWXGLHV 6HFRQG SULRU WR WKH VWXG\ ZH UDQ D
SUHOLPLQDU\ EHKDYLRU DVVD\ WHVWLQJ HDFK VSHFLHV LQ
D ZKLWH OLJKW FKDPEHU QR FKRLFH $JDLQ WKUHH
UHSOLFDWHV ZHUH GRQH RQ HDFK VSHFLHV ,Q HYHU\
DVVD\ WKH &ROOHPEROD ZHUH HTXDOO\ GLVWULEXWHG
DURXQG WKH HGJH RI WKH 3HWUL GLVK FKDPEHU ZLWK QR
DJJUHJDWHV REVHUYHG VXJJHVWLQJ WKDW LQ ZKLWH OLJKW
WKH\ GR QRW DJJUHJDWH )LQDOO\ EHWZHHQ WULDOV RI
HDFKSRSXODWLRQJURXSWKHFKDPEHUERWWRPVZHUH
URWDWHG  WR DYRLG SRVVLEOH DUWLIDFWV QRW
FRQQHFWHG WR OLJKW GLIIHUHQFHV ,I WKH SRSXODWLRQ
GLVFKDUJHG DQ DJJUHJDWLRQ SKHURPRQH DIWHU WKH
ILUVW PLQXWH WULDO DQG WKHQ ZDV WHVWHG DJDLQ
ILYH PLQXWHV ODWHU WKH FROOHPERODQV ZRXOG KDYH
WKHRUHWLFDOO\ DJJUHJDWHG LQ WKH SKHURPRQH VLGH RI
WKH FKDPEHU ZKLFK ZRXOG QRZ EH LQ WKH OLJKWHG
UHJLRQ 7KXV QRQVWDWLVWLFDO VLJQLILFDQFH ZRXOG
KDYH EHHQ REVHUYHG DIWHU WHVWLQJ IRU
KHWHURJHQHLW\ZKLFKGLGQRWRFFXU
7R H[DPLQH WKH FRQWH[W RI RXU EHKDYLRUDO DVVD\
PRUSKRORJLFDO VWXGLHV RI WKH H\H VWUXFWXUHV ZHUH
DOVR SHUIRUPHG 7KH DLP RI WKLV SDUW RI WKH VWXG\
ZDV WR FRUUHODWH WKH H[WHUQDO VWUXFWXUH RI WKH
FROOHPERODQ H\HV ZLWK SKRWRWDFWLF IXQFWLRQ E\ XVH
RI 6(0 DQDO\VLV 7KH 6(0 DQDO\VLV RI WKH H\HV RI
P. minuta VXJJHVWV WKDW WKH ORFDWLRQ RI WKH
FROOHPERODQ H\H ILHOGV LV VLPLODU LQ ORFDWLRQ WR WKH
H\H ILHOGV RI LQVHFWV VXFK DV DQWV FRFNURDFKHV
EHHV RU Drosophila melanogaster *XSWD 
&KDSPDQ  7KH H[WHUQDO H\H VWUXFWXUHV RI
WKH WZR VSHFLHV ZLWK H\HV DUH VLPLODU DQG
FRUURERUDWH SUHYLRXV ILQGLQJV RI 3DXOXV E
E 6FKDOOHU  DQG %DUUD  2XU
6(0 DQDO\VLV GHPRQVWUDWHV D SRVVLEOH SDWWHUQ RI
IDFHW UHGXFWLRQ WKDW FDQ EH HOXFLGDWHG E\
FRPSDULQJ EHWZHHQ P. minuta D VSHFLHV ZLWK
HLJKW SDLUV RI H\HV DQG F. similis ZLWK RQH SDLU RI
H\HV ,W FDQ EH SHUFHLYHG WKDW WKH ODVW H\HV WR
EHFRPH DEVHQW DUH ORFDWHG MXVW EHKLQG WKH
SRVWDQWHQQDO RUJDQ 6FDQQLQJ HOHFWURQ
PLFURVFRS\ RI F. candida GHPRQVWUDWHG WKDW
H[WHUQDOO\ WKH H\HV RI WKHVH &ROOHPEROD KDG QR
IDFHWV
)URP WKH UHVXOWV RI WKH EHKDYLRUDO DVVD\V DQG
6(0 DQDO\VHV LW LV REYLRXV WKDW WKH &ROOHPEROD
WHVWHG DUH PDNLQJ SKRWRWDFWLF FKRLFHV DZD\ IURP
89 DQG ZKLWH OLJKW DQG WRZDUGV QR OLJKW 7KHQ
ZK\ GR F. candida DQ H\HOHVV VSHFLHV PDNH WKH
VDPH SKRWRWDFWLF FKRLFHV DV WKH RWKHU VSHFLHV
ZKHQ WKH\ KDYH QR REYLRXV H[WHUQDO H\H
VWUXFWXUHV" %DVHG XSRQ WKH 6(0 DQDO\VLV ZKLFK
VKRZV WKH ODFN RI IDFHWV WKH ³H\HOHVV´ F. candida
PD\ KDYH LQWHUQDO SKRWRUHFHSWRUV RU RWKHU
SKRWRVHQVLWLYH VWUXFWXUHV WKDW HOLFLW LQIRUPDWLRQ
UHJDUGLQJ WKH YLVXDO VSHFWUXP 7KH XQGHUO\LQJ
VXJJHVWLRQ LV WKDW WKH H\HOHVV VSHFLHV F. candida
LV QRW WUXO\ ³H\HOHVV´ EXW UDWKHU DUH IDFHWOHVV EXW
\HW DUH FDSDEOH RI GLVFULPLQDWLQJ DPRQJ YDULRXV
OLJKW FKRLFHV ,Q RWKHU ³H\HOHVV´ VWXGLHV SHUIRUPHG
ZLWK Vanessa antiopa /HSLGRSWHUD Eristalis
'LSWHUD Dineutes &ROHRSWHUD DQG
Cryptotympana +\PHQRSWHUD ZKHQ WKH H\HV
ZHUH EODFNHG RXW RQ RQH VLGH WKH LQVHFWV ZRXOG
RULHQW WR OLJKW RQ WKH VLGH ZKHUH WKH\ VWLOO KDG
VLJKW ,Q WKH LQGLYLGXDOV WKDW KDG WKHLU H\HV WRWDOO\
EODFN RXW WKH\ KDUGO\ PRYHG LQ DQ\ GLUHFWLRQ RU
WKH\ GLG QRW PRYH &KDSPDQ  $SSDUHQWO\
WKH\ QHHGHG ERWK WKH VWLPXOXV RI OLJKW DQG
IXQFWLRQDO SKRWRUHFHSWRUV IRU PRYHPHQW DQG
RULHQWDWLRQ
7KH SKRWRWDFWLF UHVXOWV IURP RXU VWXG\ VXSSRUWV
WKH SRVVLELOLW\ RI H[WUDRFXODU SKRWRUHFHSWRU
FDSDELOLW\ LQ F. candida ,W LV OLNHO\ WKDW F.
candida ODFNV RQO\ H[WHUQDO VWUXFWXUHV VXFK DV D
OHQV DQG \HW PDLQWDLQV VRPH VRUW RI LQWHUQDO
SKRWRUHFHSWRU FHOO RU RUJDQHOOHV WKDW ZRXOG DOORZ
LW WR GHWHFW ERWK 89 DQG ZKLWH OLJKW 7KLV
³OHQVOHVV´ FRQGLWLRQ PD\ KDYH HYROYHG LQ DQ
RUJDQLVP WKDW PD\ UHTXLUH SKRWRWDFWLF
FDSDELOLWLHV DQG VWUXFWXUHV IRU RULHQWDWLRQ DQG
GLUHFWLRQDO FXHV 6LQFH WKH IDFHWHG OHQV LV
JHQHUDOO\ XVHG WR IRFXV OLJKW RU LPDJHV WR WKH
LQWHUQDO SKRWRUHFHSWRU FHOOV RUJDQLVPV UHTXLULQJ
OLJKW SHUFHSWLRQ EXW QRW UHVROXWLRQ PD\ UHGXFH
OHQV QXPEHU DV LW PD\ ZHOO EH EHQHILFLDO WR UHWDLQ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH 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Q 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Figure 57KHDYHUDJHSHUFHQWDJHRI&ROOHPERODIURPHDFKVSHFLHVWKDWHLWKHUFKRVHFRROOLJKWRUFRROGDUN7KH
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-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH LQWHUQDO VWUXFWXUHV DQG QRW H[SHQG HQHUJ\ LQ WKH
GHYHORSPHQWDQGPDLQWHQDQFHRIH[WHUQDOOHQVHV
,Q D VWXG\ E\ +HOIULFK)|UVWHU HW DO  LW ZDV
VKRZQ WKDW Drosophila melanogaster PXWDQWV
WKDW ODFN H[WHUQDO FRPSRXQG H\HV DUH VWLOO DEOH WR
HQWUDLQ WR D FLUFDGLDQ FORFN ,Q WKLV VWXG\ SXWDWLYH
H[WUDUHWLQDO H\H VWUXFWXUHV NQRZQ DV
+RIEDXHU%XFKQHU H\HOHWV OLH XQGHUQHDWK WKH
UHWLQD DQG LW LV VXJJHVWHG WKLV VWUXFWXUH PD\ SOD\
D UROH LQ WKH OLJKW LQSXW SDWKZD\ LQ Drosophila
3DXOXV F GHVFULEHG D YLVLRQ RUJDQ IRXQG LQ
WKH FROOHPERODQ VSHFLHV Tomocerus WKDW DSSHDUHG
WR KDYH PLJUDWHG GHHS EHORZ WKH FXWLFOH DQG OLH
QHDU WKH HVRSKDJXV 7KHVH VWUXFWXUHV DSSHDUHG WR
EH KRPRORJRXV WR WKH FUXVWDFHDQ IURQWDO RUJDQ
3DXOXV F 7KHUH PD\ EH VLPLODU SDWKZD\V RU
VWUXFWXUHV LQ WKH H\HOHVV FROOHPERODQ VSHFLHV F.
candida
$ SXWDWLYH QRQYLVXDO SKRWRUHFHSWRU KDV EHHQ
GHVFULEHG LQ WKH FDUDELG EHHWOH Pachymorpha
sexguttata )OHLVVQHU HW DO  7KLV QRQYLVXDO
UHFHSWRU LV ORFDWHG ZLWKLQ WKH RSWLF OREH RI WKH
EHHWOH 7KH RSWLF OREH SKRWRUHFHSWRU DSSHDUV WR
SOD\ D UROH LQ WKH FLUFDGLDQ FLUFXLWU\ RI WKH EHHWOH
F. candida PD\ DOVR KDYH GHUPDO SKRWRWDFWLF
FDSDELOLW\ ,W KDV EHHQ VKRZQ WKDW Tenebrio DQG
Papilio ODUYDH ZKLFK KDYH RFXODU RFFOXVLRQV FDQ
GHWHFW OLJKW DQG RULHQW WKHPVHOYHV DFFRUGLQJO\ GXH
WR HSLGHUPDO FHOOV WKDW DUH DSSDUHQWO\ VHQVLWLYH WR
OLJKW &KDSPDQ  +HUH WKH PRYHPHQWV RI
SLJPHQW FHOOV LQ WKH HSLGHUPDO OD\HUV MXVW EHQHDWK
WKH FXWLFOH KDYH EHHQ REVHUYHG OHQGLQJ IXUWKHU
VXSSRUW WR WKH K\SRWKHVLV WKDW WKHVH LQVHFWV FDQ
GHWHFW ZKLWH OLJKW E\ RWKHU PHDQV EHVLGHV WKH H\H
,Q D UHFHQW VWXG\ E\ -RUGDQD HW DO  D QHZ
W\SH RI SKRWRUHFHSWRU ODFNLQJ H[WHUQDO IHDWXUHV
KDV EHHQ GHVFULEHG LQ WKH FROOHPERODQ VSHFLHV
Vesicephalus europaeus :KLOH WKLV VSHFLHV KDV
HLJKW OHQVHV SHU VLGH LW DOVR KDV DQ XQXVXDO
WUDQVOXFHQW LQWHURFXODU YHVLFOH FRQWDLQLQJ
VXEFXWDQHRXV UKDEGRPHV ,Q WKH FDVH RI V.
europaeus DQG TXLWH SRVVLEO\ F. candida WKLV
W\SH RI LQWHUQDO SKRWRUHFHSWRU VWUXFWXUH PD\
DOORZ WKHVH &ROOHPEROD WR GHWHFW DQG GLVWLQJXLVK
89DQGZKLWHOLJKW
&RPSOHWH KLVWRORJLFDO VWXGLHV RI WKH H\H UHJLRQ RI
WKHVH SDUWLFXODU FROOHPERODQ VSHFLHV DUH QHHGHG WR
LQYHVWLJDWH WKH SRVVLELOLW\ RI LQWHUQDO
SKRWRUHFHSWRU VWUXFWXUHV ORFDWHG RQ WKH KHDG RI
&ROOHPEROD RU VHQVRU\ JDQJOLD WKDW PD\ EH
FRQQHFWHG WR WKH HSLGHUPDO FHOOV ,Q DGGLWLRQ LW
FRXOG EH DQ LQWHUHVWLQJ VWXG\ WR H[SRVH VSHFLHV
IURP WKH FROOHPERODQ )DPLO\ 2QLFKXULXGDH WKDW
DUH DOO H\HOHVV WR WKH VDPH EHKDYLRUDO DVVD\V
GHVFULEHG WR VHH LI WKH\ PDNH VLPLODU FKRLFHV DV
WKHH\HOHVV F. candida.
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